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\ ol. 17, No. 3, 1969

Aqueous Microbiology: The Possible Role of Cell Wall
Deficient Bacteria in Uveitis
Philip C. Hessburg, M.D.,* Lioa H. Mattiii;in, Ph.D.,**
Carolyn Barth, M.S.,**
*** and Lloyd T. Dutcheshen, B.S.***

Samples of aqueous humor were obtained from the anterior chamber of patients
with uveitis. Bacterial l.-forms. or cell wall deficient forms, were recovered from 11
of 19 eyes with unexplained uveitis. These bacterial variants were cultured <ui
newer, highly specialized media and stained with acridine orange. This stain
demonstrates fluorescence of nucleic acids under UV micro.scopy.

This is a preliminary report of a
study on the microbiology of the aqueous in uveitis. It was designed to determine whether cell wall deficient bacterial forms (CWDF) are associated
with this disease.
Among the CWDF are the bacterial
L-forms of Klieneberger'-' and the
pleuropneumonia - like o r g a n i s m s
(PPI.O)' of Nocard and Roux.'
Though much work has been done on
the aqueous" in uveitis''' and though
L-forms'"-' and mycoplasma' "' have
tjeen incriminated in a variety of hu"lan infections, they have not been
reported in the aqueous in anterior
uveitis.
Other variant bacterial forms, such

as s|-)heroplasts," protoplasts,'-' ' ' and
microplasts exist and may have independent significance. They are. however, so closely related to either the
PPLO or the L-forms that they are considered here only as members of the
family of "variant bacteria" or "cell
wall deficient forms," CWDF.
Materials and Methods
Included in this preliminary report
are some of the microbiological studies
done on aqueous samples from 26 patients who represent a variety of types
of uveitis and controls.
Twelve aqueous samples were obtained from eyes with active anterior
uveitis (iritis).
Five samples were from the eyes of
four patients with active posterior uveitis (chorioretinitis) as well as active
anterior uveitis.
Two aqueous specimens were obtained from eyes with active posterior
uveitis but without evidence of anterior
uveitis.

" Department of Ophthalmology, Henry
Ford Hospital
' Department of Microbiology. Wayne
State University (Supported in part by a
Sfant from Ihe Damon Runyon Fund)
^Ophthalmology Research Laboratory,
Henry Ford Hospital
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Four aqueous samples fall into a
heterogenous group. One of these patients had had a penetrating diathermy
procedure for malignant melanoma of
his only eye. Several months following
this, when the eye failed to regain vision and maintained intraocular infiammation. it was enucleated. The anterior
chamber was tapped for aqueous just
prior to this procedure. The second patient suffered an intraocular foreign
body in an industrial accident. Aqueous
was obtained before extraction of the
cataractous lens containing the steel
particle. The third sample was obtained
from an eye donated for transplant
purposes by a man who had died of
pneumonia occurring as a complication
of infiuenza. .Aqueous was aspirated
prior to use of the donor tissues. .\
fourth patient, with uveitis, was found
to have spirochetes in the aqueous.
Serving as controls were three aqueous
samples obtained prior to cataract extraction and one obtained just before a
strabismus procedure.

the aqueous of the anterior chamber,
they would have been seen as classical
growth in the initial liquid cultures or
on the sheep blood agar subculture
plates.
Aqueous was obtained using the
technique of Goldman and Girard.'^
A sterile, disposable, one-inch No. 27
gauge needle on a sterile, disposable
tuberculin syringe was used to withdraw 0.15 to 0.25 ml of aqueous. These
fine sharp needles easily bore into the
anterior chamber when the syringe is
gently rocked between the finger tips.
The needle was introduced tangential
to the limbus so as not to endanger the
lens.
/. Initial cultures: Immediately after
obtaining aqueous, the following media
were inoculated:
a. Thioglycollate broth: Five or six
drops of aqueous were inoculated into
an 8.0 ml screw cap tube containing
LO ml of Thioglycollate broth. This
broth which contained a trace of agar
will support CWDF as well as classical
organisms. Aerobes grow well on the
surface, anaerobes deep within the
broth and the occasional microaerophilic organism causes a haze just beneath the surface. It is expected to remain almost clear if harboring only
CWDF but becomes clouded by classical organisms occurring as contaminants or as isolates from the initial
inoculum.
b.
Medill-O'Kane (Mattman)"
medium: Five or six drops of aqueous
were inoculated into a sterile 8.0
screw cap tube containing 1 0 ml
Medill-O'Kane (Mattman) rtiedia
This synthetic medium is particularly
useful in the culture of CWDF and is 3
complex, specialized, synthetic amiiH'

To minimize the possibility of contamination occurring between obtaining
and seeding the samples, laboratory
personnel were present in the operating
room. Non-commercial autoclaved 4%
cocaine was filtered through a Swinnex
filter* and used locally to anesthetize
the cornea. Extensive conjunctival and
cul-de-sac sterilization measures were
not used since fragile CWDF could be
destroyed; nor were commercially
available anesthetics, containing preservatives or germicidal agents, because
such agents might kill the micro-organisms. If any organisms were introduced from the conjunctival sac into
• Tradename for fiber, Millipore Filter CorptH.iiion. Bedford. Massachusetts.
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acid medium which can be prepared
as either a liquid or a solid.
The original thioglycollate and
Medill-0"Kane (Mattman) broth cultures were incubated anaerobically
(GasPak®*) for thirty days. After five
L and again at about thirty days,
the initial liquid cultures were subcultured to solid media.
Though this was primarily a search
for fastidious" or "cell wall deficient
organisms," appropriate media and
tests were also utilized for classical bacteria, spirochetes, fungi, and mycobacteria. Results of this work will not be
included in this paper. They were
mainly negative.
2. Subcultures: After five days and
again .it thirty days, the following solid
media were inoculated:
a. Chanock's medium:"' A solid
CWDF medium prepared in small 6.0
ml plates. Areas thought to be suspicious by low-power microscopy for
growth were subjected to certain
confirmatory tests.
b. Sheep Blood .Agar:** This medium, inoculated for classical organisms,
was held for at least thirty days. Colonies seen on the sheep blood agar plates
*ere gram stained and were studied
*ith routine bacteriological tests. If
*e were isolating classical bacteria
'rom the aqueous, sheep blood agar
plates or the initial liquid cultures
*ould be expected to grow them.
In most routine bacteriology labora•ories. culture plates negative for classical bacteria are discarded after five
It has been shown that L-forms

are usually not seen this quickly."*
Plates should be held for thirty days or
more; a situation analogous to holding
slants for six weeks when the acid fast
bacillus is suspected. In aseptic meningitis, cultures negative for classical organisms after five days may be positive
for CWDF if held for several weeks
longer."Media used for the culture of
CWDF'- " ' - • ' a r e suited for other
forms of microbiological life as well.
Great care must be exercised to avoid
contamination.
Common artificial and natural media
arc known to have suppressing effects
on the CWDF.'•• -••' Thus, though aqueous samples have been put on a wide
variety of classical media in the past,
the chances of recovering CWDF were
poor, even if these media were held
for long periods. Only recently have
sophisticated media, such as those of
Medill-O'Kane (Mattman), Chanock
and Abram, been defined well enough
to make their use practical in routine
microbiology laboratories.
3. Confirmatory tests jor Lgrowth:'' -'
At intervals, the solid Chanock's
medium plates (for CWDF) were
scanned with the low power (lOOx) of
a standard laboratory microscope. The
small size of variant bacteria colonies
allows them to be missed by the naked
eye. Unless microscopic study of solid
media is done CWDF colonies will be
missed. Suspicious areas were subjected
to further tests for "variant" or CWDF
growth.
a. Micrographs of suspect areas were
made with a Zeiss photomicroscope,
using high speed, type B, Ektachrome
film at I60x.

Tradename of disposable gas generator
«nvelope from BBL. Division of BioQuest.
, Cockeysville, Maryland 21030.
•^upp and Bowman Company
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b. .Acridine Orange Test:'^-^"
Suitable areas on the Chanock's
plates, after their location microscopically, were cut out with a sterile spatula. These blocks of agar were pushed
across a sterile slide which was then
stained with acridine orange stain and
Mcllvaine's Phosphate butfer (pH 3.8).
Acridine orange working stain and buffer were both autoclaved and filtered
through an 0.2 micron Millipore Swinnex filter. Specimens were studied at
540x (High Dry) under UV.*
I he staining difficulties encountered
with CWDF are legendary. Conventional staining methods distort morphology.'' The usual bacterial stains
convert these already amorphous forms
into aggregations almost impossible to
differentiate from artifact.
Acridine orange is a cytological stain
which produces fiuorcscence of nucleic
acids. .Acridine orange staining was described by Bertalanlfy. et al in 1956.''
Il was applied to the in vitro study of
L-forms by Hui. et al" in 1969. Deoxyribonucleic acid (DNA) stains bright,
light green.-" Ribonucleic acid (RNA)
stains orange to fire red. Young colonies fluoresce red (RNA).-" As they
age. fluorescence becomes greener as
DNA increases.
c. Thioglycollate broth: Though able
to maintain life and reproduction of
many of the CWDF. thioglycollate

broth is also one of the better reversion
media and was used as such at this
stage. Small blocks of agar, cut from
promising areas of the Chanock's plates
were dropped into the media, minced
with a spatula, vortex shaken and incubated.
To say with any assurance that we
had isolated CWDF. we held that
photographs of cultural characteristics
on Chanock's media had to resemble
those published in the field; that acridine orange stains had to reveal nucleic
acids; that the sheep blood agar
plates had to remain negative for
classical bacterial growth; and that ihe
initial thioglycollate and Medill-O'Kane
(Mattman) liquid media had to remain
relatively unclouded. When these eriteria were met, we felt we had "grown
something," perhaps a CWDF.
Results
Table I illustrates the results obtained. Typical photographic studies of
the findings are illustrated in figures
1-9.
Di-scu.ssion
The Microbiology of Aqueous
in Uveitis:
Woods defined nongranulomatous
uveitis as a "sterile nonpurulent inflammation resulting from a probably toxic
or allergic insult to the tissues." In discussing the sterility of the aqueous in
uveitis, he stated, "All the bacteriologi
cal work we have points towards thf
sterility of these eyes."" Kolmer-'
among the early authors to suggest thanon-granulomatous uveitis was a lou^
or allergic disease and that the aqu^'
ous was sterile. This feeling was enhanced by the negative bacteriologici
studies of a group of authors,'"'

• This work was done with a binocular
I cit/ fluorescent Ortholux research microscope with FS phototube and Mikas attachment (E. Leitz, Inc.. New York, N.'Y.).
Filters included a BG-12 exciter in the
Limp housing, a 1 mm Ci4 barrier filter
and a I mm Ci(i4 harrier filter placed in
the slider in the objective carrier. Photographs were taken with a 35 mm M - l
Leica camera (Leitz) with an 0.33x lens,
using Kodachrome film.
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TABLE
SUf. MRY OF THE ISOLATION OF CELL WALL DEFICIENT FORMS FROM AQUEOUS:

I Anterior Uveitis
(Iritis)

No. of
Eyes

No. of
Patients

12

12

Positive
for
C.W.D.F.

Negative
for
C.W.D.F

7

5

0
1
1

1
0
0

I Anterior and Posterior
Uveitis
(Iritis and Chorioretinitis)
I Posterior Uveitis
(Chorioretinitis)
/ Miscellaneous
Postop. Uveitis
Intraocular Foreign Body
Donor Eyes
(Pneumonia Death)
Spirochetal Uveitis
V Controls
Cataract Extraction
Strabismus Operation

0
0

3
1

concluded that the aqueous was gener^ly sterile.
When one considers the frequency
^( this disease,-^ only a relatively small
dumber of cases have had microbiologi^ study of the aqueous. Von Sallreported 103 paracenteses in 88
P^'ients with anterior uveitis. He cul'jred organisms from four patients.
*o were thought to be conjunctival
•""taminants, one a postoperative in-

fection. and the last an Aerobacter. He
felt that the aqueous was usually sterile
in anterior uveitis.
Spencer"' reviewed 490 "uveitis"
eyes received since 1956 at the University of California. Of these, 340 had
"isolation studies." There were 39 bacterial, 2 mycotic, I viral, and 5 toxoplasmic isolations. Eighteen of the 39
bacterial isolations were thought to
be contaminants. Twenty-one isolates
181
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At left:

granulomatous uveitis is some sort of
sterile assault.
As an explanation for the consistent
sterility of the aqueous, some have felt
that aqueous and vitreous are selfsterilizing," others^'*-^" attribute bactericidal or antimicrobial action to the
aqueous humor.''""*
In summarizing the work on aqueous microbiology. Woods" stated, "My
present feeling on the existing evidence
is that if organisms arriving in the eye
are related to an iritis, they are either
dead on arrival or they are promptly
phagocytosed, and they owe their pathogenic activity to their antigenic or
toxic rather than their infectious properties." Coles' stated, "The absence of
bacteria in the aqueous during the attacks of iridocyclitis (anterior uveitis)
seems to be well established in this
country."

Figure 1
C\\ DF colony growth on Chanock's Agar
froni the aqueous of a 42-year-old male who
suffered an intraocular foreign body. Aqueous Aas removed one week after injury and
ju^ prior to cataract extraction. (160x)
Figure 2
Rc fluorescing (RNA) acridine orange
stain of CWDF colony growth from Chanock plate of same patient shown in Ficure
1. (540x)
Figure 3
Red luorescing (RNA) acridine orange stain
of ( \VDF colony growth of same patient
shown in Figure I . (540x)
Figure I
Grci. :fluorescing(DNA or old RNA) acridine iirange stain of CWDF colony growth
from :i Chanock's plate. Same patient as
Figm.- 1. (.S40x)
F'igure 5
Red 'liiorescing (RNA) acridine orange
stain of CWDF growth from a Chanock's
plate inoculated with aqueous from a 32year-old male with anterior (iritis) uveitis
and proven sarcoid. (540x)

'•ere considered bona fide pathogens.*
Spencer stated. "Most could be traced
to exogenous causes . . . only two were
from eyes with endogenous uveitis."
One of these was a Staphylococcus
aureus, the other a Nocardia.
There have been reports, however,
of a wide variety of organisms isolated
from the aqueous as occasional or "surprise" isolates. Clostridium perfringens,''"' Neisseria gonorrheae,'"' Staphylococcus.'" Leptospira,^* Actinomyces,''' Coccidioides,^" Pneumococcus,^'
Listeria,'-' Streptococcus, and Trepone"iC^ have each been reported. These
sporadic reports of recovery of microbiological agents have not changed the
""pression in ophthalmology that non' Among them, seven Pseudomonas, five
*>Phylococcus aureus, one hemolytic
**P. one Aerobacter, four "gram-negative
one E. coli. one paracolon Bacillus,
" One Pneumococcus were identified.
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In an interesting series of European
papers.''"' ''''" '•" begun in I94.S. Verrey
claimed to find bodies believed to be
bacteria in 4% to 8% of patients with
anterior uveitis. The work of Verrey,
and later of Verrey and Amsler,"'"
has been confirmed only by Offret and
Saraux."-'
Biology of Cell Wall Deficient Forms:
The rigid cell wall of classical bacteria accounts for their shape as cocci
or bacilli, for their gram positive or
gram negative staining, for their sensitivity or resistance to most antibiotics, and to a large extent, for their
pathogenicity.
Bacterial L-forms'" have a non-rigid
exterior surface"'' "" accounting for
their marked pleomorphism."' "Most
L-forms have a limited cell wall"" and
exist as soft protoplasmic bodies of
varying morphology . . . making them
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At left:
Figure ti
Ri and green fluorescing (RNA and DNA
or I'ld RNA) acridine orange stain of CWDF
gri ih from a Chanock's plate inoculated
with aqueous from same patient as in Figure
5. (540x)
Figure 7
Red fluorescing (RNA) acridine orange
stain of CWDF growth from a Chanock's
plate inoculated with aqueous from a 54year .'Id female with anterior (iritis) uveitis
and Marie-Strumpell rheumatoid spondyloarth^ lis. (540x)
Figure 8
Red fluorescing (RNA) acridine orange
stain of CWDF growth from a Chanock's
plate inoculated with aqueous from a 47year .'Id female with anterior (iritis) uveitis.
(S40x)
Figure 9
Yellow orange and slight red fluorescing
(RN.\) acridine orange stain of CWDF
from a Chanock's plate prepared
mill :i]ueous from a 39-year-old male patient uith anterior and posterior uveitis for
five years. (540x)

oMiemely vulnerable to the solvents
and (Kinotic pressures of conventional
stainini; techniques."
L-turms are larger than viruses,
though smaller than classical bacteria.
They average 300 to 1.000 mu in size.
When cultured from clinical material,
they are frequently composed of small
ovoid units giving a "granular" colony.
Several other colony types are possible,
depending upon culture medium. However, the "fried egg" colony."" often
5cen when L-forms are made in vitro
oy antibiotic action, are only rarely seen
*hen the organism originates in vivo.
Unlike viruses, CWDF can multiply on
artificial media"'* and have long been
l^nown to occur in nature, especially in
^a water.*-^
Mycoplasma' (PPLO) are small
''2.'i-200 mu)"" organisms with a non^'gid wall. On solid media, they peneinto the acar so that the center of
185

the colony appears more dense than
the periphery, accounting for the "fried
egg""" appearance of the colonics.
Their role in the etiology of human
disease is better understood than that
of the more recently discovered bacterial L-forms.
Change from the classical bacterial
to the L-form is called conversion.
Change back to the classical form
is called reversion."^ Conversion is
usually produced by a deleterious stress
on the cell wall."" Agents such as penicillin."" methicillin.""- '** bacitracin,""
cephalosporin,"' and cycloserine inhibit
cell wall synthesis and act as converting agents. The amino acids phenylalanine and methionine, the alkaloid
calTcinc. and some naturally occuring
compounds such as the mucopeptidase
lysozynie are known effective converting agents. Antisera has been shown
to convert Salmonella typhosa to its Lform.""' Pneumococci, Streptococci, and
Staphylococci require high salt concentrations to convert to their L-form."' A
large, varied group of such agents is
now known which will convert, in vitro,
almost every bacterial species to its
CWDF."-'
In vivo conversion of classical bacteria to their L-form was shown by
Codzeski."" In a group of patients
with chronic staphylococcal infections
treated with antibiotics, L-forms could
be obtained from blood cultures after
the disease symptoms had apparently
cleared. Under certain cultural conditions, these could be reverted back to
classical staphylococci. Mortimer"' inoculated mice with lethal doses of
group A, type-14 streptococci and Lforms. The latter eventually reverted to
group A, type-14 streptococci.
Thus, it has been shown that classi-

Hessburg, Mattman, Barth and Dutcheshen
cal bacteria, under certain conditions,
will convert both in vitro and in vivo
to their L or cell wall deficient
forms.'••>••• ••'«
Once converted, another group of
compounds is needed to "stabilize" the
L-forms. Among such stabilizers, the
simple salts of inoreanic cations, such
as magnesium sulfate, are best known.
They act by increasing the tonicity of
the medium itself and by biochemically
strengthening the cell membrane, so it
can withstand increased osmotic pressure. Barile points out that polypeptides act this way in the body to stabilize cell membranes in osmotically
disruptive situations.""'
When the forces which caused conversion to the L-form state are removed, some L-forms revert immediately to classical bacteria."' L-forms
which will not so revert are called
stable L-forms. Kagan"-' has said Lforms "do what they want to do";
nowhere is this truer than when one
attempts to obtain reversion. Often,
when reversion*'occurs, we can
only guess at the forces which have
induced it. Sometimes reversion will be
caused by growth of the L-form in
liquid rather than solid media, the
addition of yeast to the media or the
subtraction of blood serum.""
Debates over whether classical bacteria and L-forms were the same bacteria in different states were settled
when the laborious homology technique
wa'^ used by McCarthy and Bolton"'' to
prove that DNA from the L-form could
link up with DN.A from classical bacteria of the same species.
.Mthough it is generally believed
that, by definition, a Mycoplasma cannot revert, such reversion to a classical
bacterium may also (Kcasionally occur

in vitro and in vivo. Smith"' reported
that white mice treated with cortisone
while carrying PPLO in their uppier
respiratory tract as normal flora, died
of a diphtheroid infection. Mice without such mycoplasma did not die when
so treated.
Relationship oj Cell Wall Deficient
Forms to General Disease:
Though the exact role of PPLO is
not fully known, their pathogenic role
is well documented in atypical pneumonia, in meningitis,''' in other human respiratory and urogenital infections"'''"" and in a wide variety of
avian, porcine, and bovine diseases.
One criterion formerly used to distinguish mycoplasma from the L-forms
was the latter's non-pathogemeily.
Lack of an antigenic cell wall was
thought to make the L-forms nonpathogenic. It was shown, however,
that coagulase positive staphyliKOCci
retain this activity as L-forms
and. furthermore, that the L-forms of
Clostridium tetani produce tetanus toxin.'"'' Following early reports of L-form
pathogenicity.'"' they have been recovered as the sole isolates in a wide group
of human infections.**
The L-forms of streptococcus have
been recovered as sole isolates from
blood cultures in septicemia,'" from the
cerebro-spinal fluid in meningitis,
and as sole isolates in rheumatic fever,»3''^ scarlet fever,"'' and Whipple'^
disease.""
Staphylococcal L-forms"' have bce'i
isolated as sole isolates in septicemia,
meningitis,"^- "- and subacute bacterial
endocarditis.'-'"
The L-forms of Herellea."" KlebsielIa,»« E. coli,»« "" Proteus,"" ?se\ii<^
monas.'"" Haemophilus,"" Listeria.^
Corynebacterium,"" Candida.'^" N'><^^
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bacterium,"*- and Brucella'"* have been
isolated from a variety of human diseases."
The facts known-'-"- i''- "'- "'" about
these enigmatic forms suggests the role
CWDF play in relapsing diseases. Without a cell wall, they are refractory to
lety of antibiotics,and to most
of the antibodies"'" produced by the
host cells (even within the erythrocytes)
from which the CWDF arose. Since
I W I-" often lie dormant within the
host cells (even with the erythrocytes)
they .ire further out of reach of both
dmgs and established defense mechanisms. The ability to lose pathogenicity
under some conditions and regain it
under others makes it reasonable to
imagine them as possible pathogens in
relapsing chronic inflamatory dis' ' These concepts have been
*ell re\ iewcd elsewhere.""
Relutitmship of Cell Wall Dejicient
Forms to Eye or Eye Related Disease:
The first description'"" of a CWDF
is an ophthalmic pathogen was a 1923
ffiport that pleuropneumonia-like organisms (PPLO) were isolated from
'he conjunctiva and joints of sheep with
agalactia. The eye involvement was
allied a "keratitis." In 1948."" iritis
eported in three of nine patients
'^'th Reiter's syndrome, a disease
bought to be of PPLO origin. Later.
'^PLO were found in the joint fluid of
igratory polyarthritis associated
*''h mouse conjunctivitis.'"
•Relationship between PPLO and
•eitis was suggested by Holland and
Jorlton in 1957."- They searched for
LO in the prostatic and vaginal se•^ftions of fourteen patients with uvei^\en of these cultures were posi••i for PPLO. although search for
'PLC •n conjunctival secretions was

unsuccessful. Holland stated. "Review
of the pertinent literature and the material presented. . .suggest a relationship of PPLO to uveitis and conjunctivitis that justified further investigation
and evaluation. More comprehensive
studies may relate the PPLO etiologically. directly or indirectly (through hypersensitivity) to a number of types of
ocular inflammation."'''
Their work was corroborated by de
Grosz" ' who found PPLO in the prostatic secretions of 25 9r of patients
with uveitis, but not by Catterall"''
whose survey of 211 uveitis patients
showed PPLO in the prostatic secretions of only 10%, about the same percentage as a control group.
Association between the PPLO and
collagen diseases has been extensively
studied.'" Bartholomew"" isolated
PPLO from synovial fluid, bone marrow, kidney, or serum of 14 of 17
patients with either rheumatoid arthritis, lupus erythematosus or Reiter's
syndrome.
A further association between PPLO
and uveitis was made by Wilmer.""
He stated that. "A serological study for
complement fixation against Mycoplasma pneumonia (PPLO) was done in
an additional group of 28 patients
(with posterior chronic cyclitis)....
From this study, we may draw the
conclusion that PPLO infection may
be the cause of some of the respiratory
infections as well as the cyclitis found
in this group. The incidence of 38%
positives is much higher than the average of 10% to 20% found in a normal
European population."
Association of some of these diseases or syndromes""'--' with uveitis
makes it possible that CWDF are related to uveitis.
187
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Although the association between
PPLO and uveitis"- has been suggested in the literature, and though
mycoplasma have been sought in uveitis patients (especially in their prostatic secretions), we find no mention of
either mycoplasma or L-forms being
sought in the aqueous or iris tissue of
patients with anterior uveitis.

and from some controls. These were
cultured for cell wall deficient forms.
Such micro-organisms were obtained
from I I of 19 eyes with unexplaii ed
uveitis. No positive cultures were obtained from four control eyes. Some of
the pertinent literature has been reviewed.
We believe that we have isolated cell
wall deficient microbiological forms
from the aqueous of patients with inflammatory intraocular eye disease

.Summary
In suiumary, we obtained specimens
of aqueous from patients with uveitis

REFERENCES
1. Klicncoerger. E.: The natural occurrence of PPLO in apparent symbiosis with sirepto-

bacillus moniliformis and other bacteria. J Path Bact 40:93-105. Jan 1935.
2. Klcinehcrger-Nohel, F"..: Filterable forms of hactcria. Bacteriol Reviews 15:77-10-, Jun
195L
3. Weyer. E.M.. ed: Biology of the mycoplasma. Ann N Y Acad Sci 143:1-824, 1967.
4. Nocard, ct al; Le microbe dc la pleuropneumonie. Ann Inst Pasluer 12:240-62, Apr 1898
5. Duke-Elder, S.: System of Ophihcdmology. St. Louis, C V . Mosby Co., 1966, Vol. 9.
pp. 151-67.
6. Woods. A.C.: Non-granulomatous
uveitis in man and experimental animals. Survey oj
Ophthal 4:327-69 Jun (Pt. 2) 1959.
7. Coles. R.S.: Uveitis: A review. Survey of Ophthal 5:355-404, Aug I960.
8. Guze, L.B.: Microhied protoplasts, spheroplasts and L-forms. Baltimore: Williams i
Wilkins Company. 1968.
9. Chattman. M.S.; Mattman. L.H.; and Mattman. P.E.: L forms in blood cultures demon
sii.iied hy nucleic acid fluorescence. Amer J Clin Path 51:41-50, Jan 1969.
It). Decker. J.L.: Conference on the relationship of mycoplasma to rheumatoid arthritis ani
related diseases PHS piihlication 1523. U.S. National Institutes of Health. 1966.
11. Ra/in. S. and .Argaman. M . : Lysis of mycoplasma, bacterial protoplasts, spheroplast'
and L-forms by various agents. J Gen Microbiol 30:155-72. Jan 1963.
12 NLirinama. Y.; Sugai. S.; and Egami. F.: Formation of streptolysin S by streptococcal
protoplasts. Nature (Lond). 184 (suppl I I ) : 832-3. 12 Sept 1959.
13. Weibull. C. and Beckman. H . : Growth of Kacterial L forms and bacterial protoplasts
J Pact 79:638-49. May I960.
14. Goldman. L N . . and Girard. K.F.: Intraocular treponemes in treated congenital syph''"
Arch Ophthal 78:47-.50. Jul 1967.
15. Medill. M..^. and O'Kane. D.J.: A synthetic medium for the L type colonies of Proteu-^
J Bact 68:530-33. Nov 1954.
16. Chanock. R.M.; Hayflick. L.; and Barile. M.F.: Growth on artificial medium of an agecassociated \sith atypical pneumonia and its identification as a PPLO. Proc A"' ^
5rt. USA 48: 41-9. Jan 1962.
17. {krtalanffy. L. Von; Masin. F.: and Masin. M . : Use of acridine-orange fluoresce^'
technique in exfoliative cytology. Science 124:1024-5. Nov 1956.

188

Aqueous Microbiology
18 Hui, L.; Tien-Lin. L.; and Ai-te, L . : The L-form of Proteus vulgaris. I I . Cytochemical
study of L-form of Proteus, using Feulgen's staining method and fluorescence microscopy with acridine orange. 5c; Sinica 13:1829-34. 1965.
19. Tasaki. L; Camay, L.; and Sandlin, R.: Fluorescence changes during conduction in
nerves stained with acridine orange. Science 163:683-5, Feb 1969.
20. Thormar, H . : Observations on VISNA virus-infected cell cultures stained with acridine
orange. Acta Path Microbiol Scand 68:54-8, 1966.
21. Karakawa, W.W.: Rotta. J.; and Krause. R. M . : Detection of M protein in colonies of
streptococcal L forms by immunofluorescence. Proc Soc Exp Biol Med 118:198-201,
Jan 1965.
22. Purcell, R.H., et al: Color test for the measurement of antibody to T-straih mycoplasm.as.
/ Bact 92:6-12. Jul 1966.
hrams. R.Y.: A method for the cultivation of L forms
70:251. Aug 1955.

in liquid media. J Bact

24. Barile, M.F.; Yaguchi, R.; and Eveland, W.: A simplified medium for the cultivation
of pleuropneumonia-like organisms and the L-forms of bacteria. Techn Bull Regis!
Med Techn 28:127-32, Jul 1958.
25. M.ittman, L.H., et al: L variation in mycobacteria. Amer Rev Resp Dis 82:202-11,
Aug 1960.
26. Cinldstein, H.. et al: Reported
34:214-32, Winter 1964.

incidence of blindness by cause in 1963. Sighisav

Rev

27. H. L:an. M.J.; Kimura. S.J.; and Thygeson, P.: Signs and symptoms of uveitis. I . Anterior uveitis. Amer J Ophthal 47:155-70, May (Pt 2) 1959.
28. Kolmer, J.A.: Tbe bacteriological and immunological
14:217-22, 1931.

aspects of iritis. Amer J Ophiluil

24. von .Sallmann, L.; Locke. J.C.; and Locke. B.D.: Cytological and bacteriological studies
o f t h e aqueous humor in uveitis. Arch Ophthal 46:4-13, Jul 1951.
'0. Berens. C ; Rothbard. S.: and Angevine, D . M . : Cultural studies on patients with uveitis
and other eye diseases. Amer J Ophthal 25:295-301, 1942.
M. Brown. A . L . : Chronic uveitis. Bacteriologic and immunologic considerations.
Ophthal 12:730-50, Nov 1934.

Arch

'2. Irvine. R.; Irvine. A.R.; and Irvine, M.D.: A study of aqueous humor as an aid to understanding uveitis and certain related conditions. Amer J Ophthal 25:150-63, 1942.
'3. Amsler, M.: New clinical aspects of the vegetative eye. Trans Ophthal Soc UK 68:45-74,
1948.
Hogan. M.J.. in discussion. Woods, A.C.: Nongranulomatous uveitis in man and experimental animals. Survey Ophthal 4:339, Jun (pt 2) 1959.
'5- Walsh. T.J.: Clostridial ocular infections. Case report of gas gangrene panophthalmitis.
Brit J Ophthal 49:472-7, Sept. 1965.
Sidler-Huguenin: Ueber metastatische Augenentzundungen
Arch f Augenh 69:346-78, 1911.

namentlich bei Gonorrhoe.

^"•ens. C , in discussion, Woods, A.C.: Nongranulomatous uveitis in man and experimental animals. Survey Ophthal 4:339 Jun (pt 2) 1959.
''Sturman, R.M.; Laval, L ; and Weil, V.J.: Leptospiral uveitis. Arch Ophthal 61:633-40,
Mar 1959
Harley. R.D.. and Wedding. E.S.: Syndrome of uveitis, meningoencephalitis, alopecia,
poliosis, and dysacousia. Report of a case due to actinomyces Amer J Ophthal 29:
524-35. May 1946
Pettit. T.H.; Learn. R.N.; and Foos. R.Y.: Intraocular coccidioidomycosis Arch Ophthal
":655-6l. May 1967.

189

Hessburg, Mattman, Barth and Dutcheshen
41. Mortada. A.: Subacute and chronic inflammatory iris nodules due to pyogenic bacteria.
Brit J Ophthal 46:669-73. Nov 1962.
42. Goodner. E.K., in discussion, in Kimura. S.J.: "Microbiologic aspects of experiment .1
uveitis: Historic approach." In Maumcnee, A.E. and Silvcrstcin. A . M . eds., Itnmunopaihology of uveitis. Baltimore: Williams & Wilkins. 1964, p 28.
43. Smith. J.L.; Israel. C.W.; and Harner. R.E.: Syphilitic temporal arteritis. Arch Ophthal
78:284-8. Sept 1967.
44. Shafer. D.M.: The treatment of retinal detachment by vitreous implant. Trans Amer
Acad Ophthal Otolaryng 61:194-200. Mar-Apr 1957.
45. Cooper. J.C.. in discussion. Woods. A.C: Nongranulomatous uveitis in man and experimental animals. Survey Ophthal 4:340. Jun (pt 2) 1959.
46. Hogan. M.J.. in discussion. Woods. A . C : Nongranulomatous uveitis in man and exp rimental animals. Survey Ophthal 4:340, Jun (pt 2) 1959.
47. Leopold. I . H . . in discussion. Woods. A . C : Nongranulomatous uveitis in man and experimental animals. Survey Ophthal 4:338. Jun (pt 2) 1959.
48. Verrey, F.; Bacteriologic de rhumcur aqueuse. Bull et mem Soc franc d'ophtl 53:256,
1940; 59:265, 1946.
49. Maumenee. A.E.. in discussion. Woods. A . C : Nongranulomatous uveitis in man and
experimental animals. .S'//ncv Ophthal 4:339-40. Jun (pt 2) 1959.
50. Verrey. F.: Etude des elements figures de I humeur aqueuse pathoiogique. Thesis. I ausanne. F Roth et Cic, 1945.
51. Gilbert. W.. and Plant. F.: Ueber KammerwasscriinterMichung. Arch f Augenheilk 90:
1-28. 1921.
52. Verrey. F.: Un dispositif pour la centrifugation capillaire. Ophthalmologica 105:l.'<l-5,
Mar-Apr 1943.
53. Verrey, F.: Microphagcs dans rhumeiir aqueuse. Ophtluilmologica 106:166. 1943.
54. Verrey. F.. cited by Duke-l-lder. S.: System of Ophihaluiology. St. Louis: C. V. Mosby,
1966, vol 9, p 167.
55. Verrey, F.: Terrain, conditions et facteurs de l inflammation endoculaire. Ophthalmologica 116:204-10, Oct-Nov 1948.
56. Verrey, F.: Clinique de riuimeur aqueuse pathoiogique. La ponction diagnostiquc de la
chambre anterieure et son application aux problemes cliniques des uveitis. Paris,
Dclachaux. 1954.
57. Verrey. F.: Elude criiique sommaire de la ponction de la chambre anterieure apre> \ingt
de recherches. Ophthalmologica 143:352-6, 1962.
58. Verrey. F.: Generalites sur I'infection oculaire. Ophthalmologica 147:185-202. 1964.
59. Amsler. M.. and Verrey. F.: De rmilite pratique de la ponction de la ctuunbre anterieure.
Ophthalmologica 105:144-50. Mar-Apr 1943.
Ml .-\mslcr. M.. and Verrey. F.: Heterochromie de Fuchs ct fragilite va.sculaire. Ophthalmologica 111:177-81. Feb-Mar 1946.
61. Smith. J. 1... et al: Experimental ocular syphilis and ncurosvphilis. Brit J Vener Dis 41.
15-23. Mar 1965.
( .irrcic. I . .ind Roux. L : Obtcntion in vivo des formes L de Samonella typhiiniinui'
( R Acad Sci [D] (Paris) 234 1647-9. Apr 1962.
hV OfTret. G.. and Saraux. H.: Que peut on attemdre dc I'etude cyto-bacteriologique *
I'humeur aqueuse? DCK Ophthal 11:72-82. 1957.
64. Diencs. 1 . and Weinberger. H. L : The L forms of bacteria. Bact Rev 15:245-88. De^
1951.

190

Aqueous Microbiology
6.V Weibull, C and Lundin, B.M.: Size and shape of pleuropneumonia-like organisms grown
in liquid media. J Bact 84:513-9. Sept 1962.
66. Weibull, C , and Mohri, T.: Fixation of bacterial L forms for electron microscopy
/ Bact 89:901-2, Mar 1965.
67 Smith, P.F.: The possible role of bacterial L-forms in disease. S Dakota J Med 19 40-5
Sept 1966.
68 Mattman. L.H.: L-forms isolated from infections. In Guze. L.B.: Microbial protoplasts.
spheroplasts and L-forms. Baltimore: Williams & Wilkins. 1968. pp 472-83.
69 Martin. H.H.: Composition of the mucopolymer in cell walls of the unstable and stable
L-form of Proteus mirabilis. / Gen Microbiol 36:441-50. Sept 1964.
70 Weibull, C , and Hammarberg, K.: Occurrence of cat.alase in PPLO and bacterial L
forms. J Bact 84:520-5. Sept 1962.
71. Minck, R., and Kirn. A.: Pleuropneumonia like organisms and L forms of bacteria
Ann N Y Acad Sci 79:658-61, Jan 1960.
72. Weibull, C . and Lundin. B.M.: Morphology of PPLO organisms and bacterial L
forms grown in liquid media. J. Bact 85:440-5. Feb 1963.
73. Mattman. L.H.; Burgess. A.R.; and Farkas, M.E.: Evaluation of antibiotic diffusion in
L variant production by Proteus species. J Bad 76:333. Sept 1958.
74. Codzeski. C.W.; Brier, G.; and Pavey, D.E.: Bacterial L-phase growth as a possible
complicating factor in certain bacteriological procedures. Life Sciences 11-565-9
Nov 1962
75. Barile, M.F.: Variant bacteria and chronic disease. Hosp Pract 3:41-51, Oct 1968.
76. Diencs, L.. ct al: Development of L-typc growth in Neisseria gonorrhoeae cultures.
J Bact 87:1471-6. Jun 1964.
77. Hamburger. M . . and Carieton. L : Staphylococcal spheroplasts and L colonies. I I . Conditions conducive to reversion of spheroplasts to vegetative staphylococci. J Infect Dis
116:544-50. Dec 1966.
78. Hamburger, M . , and Carieton, L : Staphylococcal spheroplasts and L colonics. I . Population curves of vegetative staphylococci and spheroplasts in mcthicillin-containing
broth over long periods. J Infect Dis 116:221-30, Apr 1966.
79. Rotta, J.; Karakawa, W.W.; and Krause, R.M.: Isolation of L forms from Group A
streptococci exposed to bacitracin J. Bact 89:1581-5, June 1965
80. Codzeski, C.W., ct al: Association of bacterial L-phase organisms in chronic infections.
Nature (London) 205:1340, Mar 1965.
81. Mortimer, E.A.: Production of L forms of group A streptococci in mice. Proc Soc Exp
Biol Med 119:159-63, May 1965.
82. Kagan. B.M.: Staphylococcal
128:81-91, Jul 1965.

L-forms:

Ecologic

perspectives.

Ann

NY

Acad

Sci

*3. Schmiu-Slomska, L ; Sacquet, E.; and Caravano, R.: Group A streptococcal L forms. I .
Persistence among inoculated mice. J Bact 93:451-5, Jan 1967.
84 Kagan, G.Y.: Koptelova, E.I.; and Pokrovsky, B.M.: Isolation of pleuro pneumonia-like
organisms. L-forms and heteromorphous growth of bacteria from the cerebrospinal
fluid of patients with septic meningitis. J Hyg Epidcm (Praha) 9:310-7, 1965.
85- Catterall, R.D.: Significance of non-specific genital infection in uveitis and arthritis.
Lancet 2:739-41, Sept. 1961.
86. Kalmanson. G.M.. and Guze, L.B.: Role of protoplasts in pathogenesis of pyelonephritis.
JAMA 190:1107-9, Dec 1964.
Shepard, M . C , ct al: Possible role of T-strain Mycoplasma in nongonococcal urethritis.
JAMA 188:729-35, May 1964.

191

Hessburg, Mattman, Barth and Dutcheshen
88. Mattman. L.H.; Tunstall. L.H.; and Rossmoore. H.W.: Induction and characteristics cf
staphylococcal L forms. Canad J Microbiol 7:705-13. Oct 1961.
89. Rubio-Hucrtos. M . . and Gonzalez-Vazquez. C : Morphology and pathogenicity of L
forms of Clostridium tetani induced by glycine. Ann N Y Acad Sci 79:626-31, Jan
I960.
90. Gutman, L.T. et al: Significance of bacterial variants in urine of patients with chronx
bacteriuria. J. Cliiu Invest 44:1945-1952. Dec 1965.
'>\

Naiivcllc. R, and Deparis. M . : Formes evolutives des bacteries dans les hemocultures.
Presse med 68:570-4. Mar 1960.

•^2 Mattman. L.H.. and Karris. G.L.: L and transitional forms in meningitis, abstract d.
Bact Proc 66:49. 1966.
93. Wittier. R.G., Tuckett. J.D.. Muccione. et al: Transitional forms and L forms from
blood of rheumatic fever patients (abstract). Eighth International Congress of Microbiology. Toronto, U . of T. Press. 1963, p 125.
94. Timakov. V.D. and Kagan. G. Ya.: L-forms of streptococcus haemolyticus and their
detection in the blood of patients with rheumatism and bacterial endocarditis. Vop
Ream 2:3-8. 1962.
95. Klodnitskaya. N.S.: (On the problem of the etiology of scarlet fever. I V . Isolation of
the L-form of streptococcus from penicillin-treated patients with scarlet fever :ind
experience in the production of ovohemocultures). /.h Mikrobiol 33:31-5. May 1962.
96. Charache, P.: Atypical bacterial forms in human disease. In Guze, L.B.,cd,: Microbial
Protoplasts. Spheroplasts. and l.-forms. Baltimore: Williams & Wilkins, 1967. pp.
484-94.
97. Rosner, R.: Isolation of protoplasts of Staphylococcus aureus from a case of recurrent
acute osteomyelitis. Techn Bull Regist Med Techn 38:205-10. Aug 1968.
98. Conner. J.F.. et al: Incidence of protoplasts in urinary tract infections,
Proc 67:98. 1967.
99. Kazancheva, A.M.: (On formation
(Moskua) 40:32-4. Mar 1962.

of L-form

microbes

abstracted. Bad

in the body).

A.7//I Med

100 Kagan. B.M.: Role of L-forms in staphylococcal infections. In Guze, L.B.: Microbial
Protoplasts, Spheroplasts, and L-forms. Baltimore: Williams & Wilkins, 1967. pp
372-78.
101. Rosner. R.: Isolation of Candida protoplasts from a case of Candida endocarditis. J Bact
91:1320-6. Mar 1966.
102. Garvin. D.F.. and Mailman, L . H . : Immunofluorescent identification of mycobaeicrial
variants, abstr.actcd. Bad Proc 67:101, 1967.
103. Topley, W.W.. and Wilson. G.S.: The principles of bacteriology and immunity, ed
(rev). Baltimore: William Wood & Company, 1936.
104. Nelson. E., and Pickett. M.Jr.: Recovery of L forms of brucella and their relation to
brucella phage. J Infect Dis 89:226-32, Nov-Dec 1951.
105. Weibull. C . et al: Chemical, biological, and structural properties of stable Proteus L
forms and their parent bacteria. J Bad 93:1143-59, Mar 1967.
106. Minck. R.; Kirn. A.; and Fleck. M . : Study of the specific inhibiting action of antisera on
cultures of L forms of bacteria. I . Exclusion of the role of O and H antibodies m
the phenomenon of specific inhibition of the L culture. Ann Institute Pasteur 101178-84. Aug 1961.
107. MacLcan. A . L . : Experimental iritis: The ocular reactions in rabbits sensitized to streptococcus viridans. Trans Amer Ophthal Soc 34: 324-40. 1936.
108. Koleckarova, M . ; Klenka, L.; and Hana, I . : Hypersensitivity to streptococci in patient*
with recurrent uveitis. Ada Alter 20:484-95. 1965.

192

Aqueous Microbiology
H 1. Bridre, J. and Donatien. A . : Le microbe de I'agalaxie contagieuse et sa culture in vitro.
Bidl Soc Centr de Med Vet 76:441-4. 1923.
I

I Dienes. L.. et al: The role of PPLO in genitourinary and joint diseases. New Eng J Med
238:509-15. Apr 1948.

111. Edward, D.G.: The pleuropneumonia group of organisms: A review together with some
new observations. J Gen Microbiol 10:27-64. Feb 1954.
112. Holland. M.C. and Woriton. J.T.Jr.: Relationship of PPLO and uveitis. Am J of Ophthal
43:597-606. Apr (pt 1) 1957.
113. Kimura, S.J.: The uveal tract. Arch Ophthal 65:457-67. Mar 1961.
114. Holland. M . C : Uveitis and pleuropneumonialike organisms. Ann N Y Acad Sci 79:646-9.
Jan 1960.
ll.*^ de Grosz. I . : Significance of mycopl.asma in the pathology of uveitis. A d a Ophthal
(Kobenhavn) 40:600-7, 1962.
116 Bartholomew. L.E.: Isolation and characterization of mycoplasmas (PPLO) from patients
with rheumatoid arthritis, systemic lupus erythematosus and Reiter's syndrome.
Arthritis and Rheum 8:376-88. Jun 1965.
117. Aronson, S.B. (ed): Sloan Sympo.sium on Clinical Entities
Manifestations. St. Louis. C. V. Mosby Co.. 1968.

in Uveitis with

Systemic

118. Anderson. B.: Ocular lesions in relapsing polychondritis and other rheumatoid syndromes. Trans Am Acad Ophth & Oto, 71:227-42, Mar-Apr 1967.
119. Hodgkinson. CP.: Vogt-Koyanagi-Harada syndrome. W<7irv Ford Hosp Med Bull 9:
539-47. Dec 1961.
120. Hogan. M.J.. in discussion. Woods. A . C : Nongranulomatous uveitis in man and experimental animals. Survey Ophthal 4:331 Jun (pt 2) 1959.
121. Margileth. A . M . : Reiter's syndrome in children: Case report and review of literature.
Clin Pediat 1:148-51, Dec 1962.
122. Paronen, L.: Reiter's disease: A study of 344 cases observed
Scand, Suppl 212:7-112, 1948.

in Finland. Ada

Med

123. Van Metre, T.E., Jr., et al: The relation between nongranulomatous uveitis and arthritis.
J Allerg 36:158-74, Mar-Apr 1965.
124 Hauduroy, P.: Mecanisme de formation des formes filtrablcs et invisibles. Ann Inst
Pasteur (Paris) 86:395-400, Apr 1954.
125. Williams. R.E.: L-forms of Staphylococcus aureus. J Gen Microbiol 33:325-34. Nov
1963.
126. Mitruka. B.M.; Alexander, M . ; and Carmichael, L.E.: Gas chromatography for detection
of viral infections. Science 160:309-11. Apr 1968.
'27. Moss. C.W.. and Lewis. V.J.: Characterization of Clostridia by gas chromatography. I .
Differentiation of species by cellular fatty acids. App Microbiol 15:390-7. Mar 1967.
'28. Mitruka, B.M.; Norcross. N.L.; and Alexander, M . : Gas chromatographic detection of
In Vivo activity of equine infectious anaemia virus. App Microbiol 16:1093-4, Jul
1968.
'29. Henis, Y.; Gould. J.R.; and Alexander. M . : Detection and identification of bacteria by
gas chromatography. App Microbiol 14:513-24, Jul 1966.
'50. Mitruka. B.M.. and Alexander. M . : Rapid and sensitive detection of bacteria by gas
chromatography. App Microbiol 16:636-40. Apr 1968.
Dienes. L.. and Bullivant. S.: Morphology and reproductive processes of the L forms of
bacteria. I I . Comparative study of L forms and mycoplasma with the electron microscope. J Bad 95:672-87. Feb 1968.

193

Hessburg, Barth and Dutcheshen
132. Reiner, E.: Identification of bacterial strains by pyrolysis-gas-liquid chromatograph
Nature 206: 1272-4. Jun 1965.
133. Witmcr. R.: The origin of ocular antibodies. In Maumenee, A.E., and Silvcrstcin, A.M.:
Immimopathology of uveitis, Baltimore: Williams & Wilkins, 1964, pp 111-28.
134. .Mcrlinc, J.: Cardiopathy in experimental animals produced by bacterial L-forms. M.S.
thesis, Wayne State University, 1969.
135. Brem. A . M . , and Eveland, W . C : Inducing L forms in Listeria monocytogenes Types 1
through 7. App Microbiol 15:1510, Nov 1967.
136. Vigouroux, J. and Hannoiin, C : Etude des formes L des bacteries apparues spontanement in vivo. Ann Inst Pasteur 92:112-22, Jan 1957.
137. Godzcski, C.W.: In Vivo persistence of L-phase bacteria. In Guze, L.B., Microbial Protoplasts. Spheroplasts and L-forms, Baltimore: Williams & Wilkins, 1967, pp 379-90.

194

